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(54) UQUID CRYSTAL DISPLAY DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a two-way display type liquid 
crystal display device which can obtain a display of nearly the same 
quality by both reflection using external light and transmission using 
illumination light. 

SOLUTION: The two-way liquid crystal display device makes both a 
reflection display using external light and a transmission display using 
illumination light by arranging a lighting means 20 which emits the 
illumination light and reflects the exteinal light made incident from 
before a liquid crystal display element 1 behind the liquid crystal display 
element 1. A display driving system 33 controls driving voltage with 
plural voltages applied selectively between electrodes of the liquid 
crystal display element 1 differently between the reflection display and 
transmission display so that the transmissivity of plural gradations 
corresponding to the driving voltages with the plural values for the 
reflection display is neariy equal to the transmissivity of plural 
gradations corresponding to the driving voltages with the plural values 
for the transmission display, for every plural gradations. 
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[CLAIMS], 
[Claim 11 

Uquid crystal display apparaws. comprising (a) a hquid 
costal display element having a pair of substrates facing each other 
sandwiching a Uquid crystal layer therebetv«en, each substrate 
having an inner surface o^ which electrodes are provided, (b) 
Ughting means, provided behind the Uquid crystal display element, 
for emitting Ughting Ught toward the Uquid crystal display element 
and for reflecting, toward the Uquid crystal display element, external 
Hght entering from a f^nt of the Uquid crystal display element, and 
,c, a display driving system, for selectively applying driving voltages 
of plural values between the electrodes of the Uquid crystal display 
element, the Uquid crystal display apparams ch^acterized in that: 

the Uquid crystal display apparatus performs both reflective 
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cUsplay and transmissive display, where in the reflective display the " 
external Ught entering: from t^^^^ the Uquid ciystM^display 

element is reflected by using the Ughting means, and the thus 
reflected Ught is emitted forwardly with respect to the Uqtdd cr^rstal 
display element so as to display, and.ih the transmissive display the 
Ughting light is emitted from tiie Ughting means and the Ughting 
light is emitted forward^ with respect to the Ucjuid eiystal display : 
element, and- . - 

> the driving voltages of plural values that are to be selectively 
. appUed between the electrodes of the liquid crystal disj)lay element : 

by the display driving system, are controlled differently between in- 

the reflective , display and in the transmissive display so that T 
. transmissivities of plural -gradations respectively correspdndiiig: to 

the driving voltages.-pf plural values in the reflective display and . 

transmissivitips of plural gradations respectively corresponding to 
;the driving voltages of plural values in the transmissive display are 

substantially equal for each gradation. ' 

. ' [Claim 2] : , / " ■ . '. • 

The liqmd crystal display apparatus as set forth in Glaim 1, ' 
wherein: ' • • 

the display driving system controls the driving voltages of 
plural values in the transmissive display in accordance with 
voltage-transmissivity characteristics of the transmissive display of 
the Uquid crystal display element, and controls the driving voltages 
of plural values in the reflective display in accordance with a 
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difference between the voltage-transmissivity characteristics of the 
transmissive display and voltage-transmissivity characteristics of 
the reflective display of the Uquid crystal display element. 
[Claim 3] 

The liquid crystal display apparatus as set forth in Claim 1, 
wherein: 

the display driving system controls the driving voltages of 
plural values in the reHective display In. accordance *ith 
voltage-transmissivity characteristics of the reflective display of the 
Uquid crystal display element, and controls the driving voltages of 
plural values' in .the transmissive display in accordance with a 
difference between the vOltage-transmissivity characteristics of the 
reflecdve display and voltage-transmissivity characteristics of the 
transmissive display of the Uquid crystal display element. 

(Claim 4) 

The liquid crystal display apparatus as set forflx.in any one 

of Claims 1 to 3, wherein: 

the Uquid crysta display element is an active matrix Uquid 

ciystal display element in which one of the substrates has; on its 
inner surface, a plurality of pixel electrodes, a pluraUty of pixel 
transistors respectively connected to the pluraUty of pixel electrodes. 
■ and a pluraUty of gate lines and data Unes respectively connected to 
the pluraUty of transistors, and the other of the substrates has. on 
its inner surface, counter electrodes facing to the pluraUty of pixel 
electrodes, 
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:the display driving system includes (a) a gate-side driving 
circtiit connected to the pltirality of the gate lines, (b) a data-side 
driving circuit connected to the pluraUty of the data lines, and (c) y 
correction potential supplying means for supplying a plxoraHty of y 
correction . potentials respectively corresponding to the 
transmissi^nties of the plxiral gradations, the y correction potential 
, supplying means supplying, to the data-side driving circuit, a 
pliorality of y correction potentials supplying y correction potentials 
of different values between in the reflective display and in the 
transiiiissive display^ and 

the data-side driving circuit selects the y correction potential 
that corresponds to image data, from among the plural y correction 
potentials suppUed from the "y correction supplying means, and ^ 
supplies a data signal of the potential to the data lines. 

[Claim 5] 

^ ■ The liquid crystal display apparatus as set forth in Claim 4, 
wherein: . . . . 

the y correction potential suppl3dng means includes a 
reflective/ transmissive judging section for judging whether the 
reflective display or the transmissive display, and a y correction 
potential outputting section for supplying, to the data-side driving 
circiiit, either of y correction potentials for the reflective display 
and y correction potentials for the transmissive . display in 
accordance with a judgment result of die reflective/ transmissive 
judging section. 
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[Claim 6] 

The liquid crystal display apparatus as set forth in Claim 5, 
wherein: 

the Y correction potential outputting section includes a 
reference potential generating circuit for generating two types of 
plurality of reference potentials, and a potential selecting circuit for 
selecting, in accordance with a judgment result of the 
reflective /transmissive judging section, one of the two types of 
plurality of reference potentials thus generated by the reference 
potential generating circuit, and supplying the thus selected 
plurality of potentials, as the plurality of y correction potentials, to 
the data^ side driving circuit. 

[Claim?] - 

The liquid crystal display apparatus as set forth in Claim '5 
or 6, wherein: 

the reflective/ transmissive judging sectiori judges whether 
the reflective display or transmissive display, in accordance with the 
emission of the lighting light from the lighting means. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[INDUSTRIAL FIELD OF THE INVENTION] 

The present invention relates to a two-way display tjrpe 
liquid crystal display apparatus, which performs both reflective 
display and transmissive display. 

[0005] 
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[PROBLEMS TO BE SOLVED BY THE INVENTION] 
; However, the conventional two-way liqiaid crystal display 
apparatus has such a problem that the display quality of the 
reflective display using the external light and the display quality of 
the transmissive display using the lighting light are different. 
[0006] , 

This difference is caused because the light transmitting path 
for the reflective display using the external light and the light 
transmitting path for the transmissive display using the lighting 
light are different. When the reflective display is performed, the 
extemal light entering from the front of the liquid ciystal display 
element passes through the liquid crystal display element and is 
reflected by the lighting means provided behind the: liquid ciystad 
display element. The thus reflected light passes through the liquid 
crystal display element again and is emitted forwairdly with respect 
to the liquid crystal display element: On the contrary, when the 
transmissive display i^; performed, the lighting, light .from the 
lighting means enters the liquid crystal display element from its 
back, and passes through the, liquid crystal display element and is 
emitted but forwardly with respect to the liquid crystal display 
element. Thus, the liquid crystal display, element shows different 
voltage-transmissivity . characteristics between in the reflective 
display using the , external light and in the transmissive display 
using the lighting light. 

[0008] 
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However, because the liquid crystal display element shows 
different voltage-transmissivity characteristics between in the 
reflective display using the external light and in the transmissive 
display using the lighting light, the trainsmissivities with respect to 
the driving voltage applied between the electrodes are different 
between in the reflective display and in the transmissive display. 
Because of this, the display quality of the reflective display and the 
display quadity of the transmissive display are different frora each 
other. 

[0009] 

The present invention has an object to provide a two-way 
display type liquid crystal display apparatus capable of attaining 
substantially . equal display qualities for the reflective display using 
the external light and the transmissive display using the lighting 
Ught. 

[0010] 

[MEANS TO SOLVE THE PROBLEMS] 

A liqxiid crystal display apparatus of the present invention, 
including (a) a liquid crystal display eleiiietit having a pair of 
substrates facing each other sandwiching a liquid crystal layer 
therebetween, each substrate having an inner surface on which 
electrodes are provided, (b) lighting means, provided behind the 
liquid crystal display element, for emitting lighting light toward the 
liquid crystal display element and for reflecting, toward the liquid 
crystal display element, the external light entering from a front of 
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tiie liquid crystal display .element, and (c) a display driving system 
for selectively applying driving voltages of plural values between the . 
electrodes of the . liquid crystal display element, the liquid crystal 
display apparatus characterized in that (i) the liquid crystsd display 
apparatus performs both reflective display and transmissive display, 
where in the reflective display, the external light entering frorn the 
front of the liquid crystal display element is reflected by > using tiie 
lighting means, and the thus reflected light is ernitted forwardly 
with respect to the liquid crystal display elernent so as to display, 
and in the transmissive display, lighting light is emitted from the 
lighting means and the lighting light is emitted forwardly with 
respect to the liqxiid crystal display element, and (ii) the , driving 
voltages of plural values that are. to be selectively applied between 
the electrodes of the.liqioid crystal display element by the display 
driving system, are controlled differently between in the reflective 
display and in the transmissive display so that transmissivities of 
plural gradations respectively correspondirig to the driving voltages 
of plural values in the reflective display and transmissivities of 
plural gradations respectively corresponding to the driving voltages 
of plural values in the transmissive display are substantially equal 
for each gradation. 
[0011] 

. According to the liquid crystal display apparatus of the 
present invention, it is possible to attain substantially equal display 
qualities for the reflective display using the extemal light suid the 
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transmissive display using the Ughtog light. 
10012] 

lEMBODlMENTS] ^ 
L aescHbed above, the Uc.uid c^tai display apparatus o 
,e p«se.t invention is so a^ged that the dHving voltages^ 
, that are" to be selectively appUed between the 

. controUed differently between in the reflective 

system, are controu t^^ansmissivities of plural 

.nd in the transmissive display so that transnus 
^ to the driving voltages of. 

' gradations respectively correspondmg tp the dn « - 
values m the. re^ective display and transnuss.v.t.es of plurM . 
plural vaiu voltages of 

^.ations respectively 

nlural values in the transmissive display are sub 

. ,ion whereby substantially ec^al display qualit.es can b. 
each gradation, whereby ^ ^ 

attained for the re£l«:tive display usuig the e:«em 

transnussive display using the lighting Ught. 

TuU costal display appa^atus of the present invention^ 
. Sample niay be so arranged that, the display driving system 

with voltage— ivity charactensncs^ 

of the transmissive display 
characteristics of tne 



Tolcukai 2000-193936 
Page 10 



voltagc-transmissivity characteristic, of the reflectiye display of the 

, liquid cn^stal display element. With this arrangement, the display 

quaUty of the reflective display can be substantially equal to the. 

display quality of the transmissive display: : 
[0014] 

Moreover, the display driving system of the present invention 
may be so arranged as to control the driving voltages of ! plural ^ 
values in the reflective display i„ accordanee with 
voltage-transmissivity characteristics^ of the reflective display of the 
liquid crystal display element, and contn>ls the driving voltages of 
plural values in the transmissive display in accordance with a 
difference between the ^oltage-transmissiyiQ, characteristics of the 
. reflective display and voItage-transmissiviQ, characteristios of 
.transmissive display of the liquid crystal' display element. With this 
a-angement. the display quaUty of the transmissive display can be 
substantially equal to the display quality of the reflective display . 

(0015) .: ■ 

. In case' where the Uquid crystal display element is an active 

matrix liquid crystal display element in which one of the substrates 
has. on its inner surface., a plurality of pixel electrodes; a plurality of - 
pixel transistors respectively connected to the plurality, of , pixel 
electrodes, and a pluraHty of gate lines and data lines respectively 
connected to the plurality of transistors, and the other of the ■ 
substrates has, on its inner surface, counter electrodes facing to the 
plurality of pixel electrodes, the Uquid crystal display apparatus of 
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o,. he so arranged that (i) the display driving 
the present invention may be so arrange _ 

3^.e» includes (a, a gate-side driving circuit connected to the 

plurali.. of the gate iines. ,b) a data-side driving circuit connected to 

^e plurality of the data lines, and ,c, V correction potenual 

supplying means for supplying a plurality of V correction potent«ls 

„spectively corresponding to the transn^ssivities of the plural 

^dations. the v correction potential supplying n.eans supplyu^g. o 

1 .iatalside driving circuit, a plurality of v correction potenU^s 

supplying . correction potentials of different values .etweer> » 

reflective display and in the transn^ssive display, and (n, ^e 

aata-.ide driving circuit selects the y correction potential that 

eorresponds to ^ dat.. ^n. an.Ong the plural V correction 

potentials suppUed fro. the v correction supplying »eans^ 

LppUes a data signal of the potential to the data Unes. W.^ th.s 

^angen.ent,nt is possible to attain substantially e,ual ^sp^y 

. ^- „i,v usine the external light and the transimsswe 
reflective display using 

display using the Ughting light. 

[00161 . , 

in this case, it is preferable that the v correction potent^ 
..pply^g .cans includes a reflective /transn^ssive Judging s«.on 
.or judging Whether the reflective display or the transnus- drsp^. 

. V correction potential outputting section for supplying, to the 
..ta-side driving circuit, either of v correction potent^s for the 
.eflective display and v correction potentials for the transnnss.ve 
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display in accordance with a judgment result of the 
renective/transinissive judging section-.W^^^ this arrangement, it is 

■ possible; to automatically switch over, in accordance with whether 

■ the. reflective display is perfbnned or the transmissive display is 
performed, the y : correction potentials to be suppUed to the 
data-side driving circuit. / • 

:. : [0017}, ■ ; : : . • ; ^ ' ' 

. : . iWhermore, it is preferable tiiat the y Correction potential 
outputting section includes a reference potential generating: circuit 
for generating two types of pluraUty of reference potentials, and a 
potenti^ . selecting circuit for selecting, in: ^cordance witii . a 
judgment result of the reflective /transmissive judging section,, one 
pf lhe.twu _types of pluraHty of reference potenti^s iHus:g«i^fate^^^^ 
by tiie reference potential: generating circuit, and supplying the tiius 
. selected plurality of potentials, as the plurality of y correGtion 
potentials, to the data- side driving circuit. Witii this arrangeinent, it 
is, possible to surely switch over, in accordance with" whether tiie . 
reflective display is perf-ormed or tiie transmissive display 'is 
performed, tiie y correction potentials to " be suppUed to tiie 
data- side driving circuit. 
[0018] 

Moreover, it is preferable tiiat tiie reflective/ transmissive 
judging section is so arranged as to judge whe'tiier tiie reflective, 
display or transmissive display, in accordance witii tiie emission of 
tiie Ughting Ught from tile Hghting means. Witii tiiis arrangement, it 
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is possible to attain reliable judgment as to whether the reflective 
display or the transmissive display is performed, auid to supply, to 
the data-side driving circuit, the y correction potential appropriate 
to ciorrently-performed display. 
[0030] 

Moreover, the data-side driving circuit 42 selects, from 
among the plurality of the y correction potentials supplied from the 
Y correction potential supplying .means 43, the y correction potential 
that corresponds to. the image data externally supplied. In 
synchronism with the timing signal, the data- side driving circuit 42 
supplies the data signal of the potential to the plurality of data 
liiies. 

[0031]* ' ^ 

Further, the data signal supplied to the plurality of the data 
lines are supplied to the pixel electrodes 4 in each column via the 
TFT 5, which are sequentially turned ON per row in accordamce with 
the gate signal. Then, the potential of the data signal, that is, the 
driving voltage for the y correction potential correspondirig to the 
image data, is applied between the pixel electrodes 4 and the 
opposite electrodes connected to the reference potential. 
[0106] 

As described above, the liquid crystal display element 1 
shows different voltage-transmissivity characteristics between in the 
reflective display and in the transmissive display. Thus, the driving 
voltages applied between the electrodes 4 and the electrodes 8 are 
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different/between in the reflective display and in the transmiissive. 
display. Therefore, the display quality of the reflective display and 
the display quality of the transmissive display using the lighting 
light are different. 
[0107] 

Because of this, the liquid crystal display apparatus is so 
arranged that the driving voltages of plural values that are to be 
selectively applied between the electrodes 4 and 8 of the liquid 
crystal display element 1 by the display driving system 40, are 
controlled differently between in the reflective display and -in the 
transmissive display so that transmissivities of plural gradations 
respectively corresponding to the driving voltages of plural values in 
the reflective display and transmissivitifes of plxaral gradations 
respectively corresponding to the driving voltages of plural values in 
the transmissive display are substantially equal for each gradation. 
[0108] . . . 

, In the present embodiment, the display driving system 40 is 
so arranged as to control the driving voltages of plural values in the 
transmissive display in accordance with voltage-transmissivity 
characteristics of the transmissive display of the liquid crystal 
display element 1 , and controls the driving voltages of plural values 
in the reflective display in accordance with a difference between the 
voltage-transmissivity characteristics of the transmissive display 
and voltage-transmissivity characteristics of the reflective display of 
the liquid ciystal display element 1, 
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[0109] 

The foUowing explains the a^gement of the display driving 
^tem 40. The display driving system 40 includes, as she,™ m 
Figure 1, a gate-side driving circuit 41. a data-side driving circuit 42. 
, , correction potent^ supplying means 43 for supplying, to the 

■* AO a Dluralitv of v correction potentials 
data-side driving circuit 42. a plurauty 

respectively corresponding to a pluraliQ. of gradations. ' 

,n the present -embodiment, tiie Y correction potential 
supplying means 43 suppUes. to the data-side driving circuit 42. the 
, cor^ction potentials of different values between in. the reflective 
display and the .transmissive display. 

[01111 . 

The V correction potential supplying means 43 includes a 
reflective/ tran^ssive judging section 44 tor judging whether the 
^flective display or the transmissive display, and a v correction, 
potential outputting section 45 for supplying, to the data-side 
ariving Circuit 15. either of . correction potentials for the reflective 
display and v correction potentials for me transmissive display m 
accordance with a judgment result of the reflective/t^smissive 
judging section 44. 

[01121 -A 
The reflective/transmissive judging section 44 judges 

whether the reflective display or the transnUssive display, .n 
accordance with the en^ssion of the lighting Ught fron. the lightu^g 
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means 20. 

(OllSJ : . 

■ . ?^°«>P~ificalty, M. the present ,n.bodto^^^^^^ 
source coritromng section 35 of the Ughting control means 33 is so 
-ranged as to output a Ught source turning ^ ON signal to the 
. reflective/transnussive judging section 44 when the light source 21 
of the lighting means 20 is turned ON. and to output a light source 
«-ning OFF signal to the reflective/transmissive judging sectioh 44 
. .wh.n the light We , 21 is ^ed OFF. Further, the 
reflective/transnussive Judging section 44. is so arr^ged as to 
output a transmissive display judgment signal to the y correction 
potential outputting section 45 when the Ught source tuning ON 
_ s,g^al is inputted therein, and to "output ^ reflective di'splay 
■judgment signal to the y; correction potential outputting section 45 
When the light source tunung OFF signal is inputted therein. 
[0114] ■ - 

Moreover, as shown in Figure 2 showing an arrangement 
thereof, the y correction potential outputting secdon 45 includes a 
reference potential generating circuit 46 for generating two types of 
Plurali^ of .reference potentials, and a potential selecting circuit 47 
or selecting, ir, accordance with a judgment result of the 
reflective/transmissive judging section 44, one of the two types of 
Plurality of reference potentials thus generated by the reference 
potential generating circuit 46. and supplying the thus selected 
Plurality of potentials, as the piuraUty of y correction potentials, to 
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the data-side driving circuit 42 . 

'^e Y correction potential outputting section 45 shown in 
Figure 2 suppUes. to the data-side driving circuit 42, the v 
cor^ction potenUals for 11 gradations. nan>ely. gradation 0 to 
Sedation 10. The reference potential generating circuit 46 includes 
a f^t reference potential generating section 46a and a second 
„fere„ce potential generating section 46h. ti.e first reference 
potential generating section 46a for generating 11-leveled reference 
potentials .hereinafter referred to as reflective .display reference 
potentials) ti.at are for obtaining ti.e v correction potentials for 11 
g^dations in ti,e- reflective display and for supplying ti.e respective 
reference potentials to ti.e p6tential selecting circuit 47. and ti.e 
second, reference potential generating section 46b generating - 
11-leveUed reference potentials (hereinafter referred to as 
transn^issive display reference potentials, for obtaining ti,e V 
correction potentials for 11 gradations in ti.e transn^ssive display 
and for supplying ti.e «spective reference potentials to the potential 
selecting circuit 47. 

101161 . , 

p^er. in the present embodiment, in order to attam. tor 

,ach gradation, substantial equality between ti.e transntissivi^ of 

^dations 0 to 10 Of the reflective display and ti>e transntissiv>,y of 

^dations 0 to 10 of the transntissive display, the U-leveled 

t.ansn.ssive display reference potentials generated by the second 
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reference potential generating section :46b are. set in accordance 
«th the voltage-tran^nussivity ,h^,,,^^^^^ tr^snussive 
display of . the Uquid display elen^ent ,1. whereas the U-leveled 
reflective display reference potentials generated by the first 
. referenee potential generating, section 46a are set in accordance 
wxth the voltage^transmissivity characteristics of the „flective 
display of the Uqvud display element 1. ■ 
[0120] : 

. The n-levelcd reflective . display reference potentials 
generated by the first reference potential generating section 46a of 
the potential generating circuit 46 are respectively suppHed to 
mput-side tenninals Al to Kl of the potential selecting circuit 47 
The.H-leveled tr^s-nissive display refe,,i,ce potentials generated' 
by the secotid reference potential generating section 46b 6f the 
potential generating circuit .46 are respectively. suppUed to 
, mput-s.de terminals A2 to K2 of the potential selecting circuit 47 . 
[0121] . .. 

Moreover, the potential; selecting circuit 47 includes output 
terminals A to K. respectiv«y for each pair of the input terminals Al 
A2 to Kl. K2, the pairs respectively being suppUed with the 
-flective display reference , potentials and the transmissive display 
reference potentials of the respective levels. Ih accordance with the 
reflective/transmissive judging -signal from the 
reflective/transmissive judging section 44, the reflective display 
reference potentials of the respective levels respectively supplied to 
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the input-side terminals Al to Kl are outputted from tiie output 
terminals A to K when the signal is the reflective display judging 
signal, and the transmissive display reference potentials of the 
respective levels respectively suppUed to the input-side terminals A2 
to K2 are outputted from the output terminals A to K when the 

signal is the transmissive display judging signal. . 
[0122] 

The reference potentials of the respective levels respectively 
outputted from the output terminals A to K of the potential selecting 
circuit 47 are respectively amplified via the operational amplifiers 48, 
and then- suppHed to the data-side driving circuit 42, as the y 

correction potentials of OV to VIO for 1 1 gradations. 
[0123] 

The data-side driving circuit 42, as described above, selects 
the Y correction potential that corresponds to the iinage data- 
externally suppUed, from among the y correction potentials of VO to 
VIO for 11 gradations suppUed from the y correction potential 
supplying means 43. Then, the^dada-side driving circuit 42 suppUes 
the thus selected data signal to the plurality of data lines of the 
liqioid crystal display element 1. 

[0124] 

Therefore,. The driving voltages of plural values, which are to 
be selectively applied between the electrodes 4 and 8 of the Uquid - 
crystal display element 1 by the display driving system 40, are, in 
case of the reflective display using the external Ught, voltages that 
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correspond to the y correction potential obtained from the 
transniissive display reference potential, and in case of the 
trajismissive display' using the lighting lights voltages that 
correspond to the y correction potential obtained from the reflective 
display reference pbtential. Therefore, it is possible, to attain, foi* 
each gradation, substantial equality between transmissivities of 
plural gradatioiis respectively corresponding to the driving voltages 
of plural values in the reflective display and transmissivities of 
plioral gradations respectively corresponding to the driving voltages 
of plural values in the transmissive display. 
' [0125] ' - 

More specifically, the liquid crystal display apparatus is so 
arranged that the driving voltages of plural values that arc to be 
selectively applied between the electrodes 4 and 8 of the liquid 
crystal display element 1 by the display driving system 40, are 
controlled differently between in' tfie reflective display and in the 
transmissive display so that transmissivities of plural gradations 
respectively corresponding to the driving voltages of plural values in 
the -reflective display and transmissivities of plural gradations 
respectively corresponding to the driving voltages of plural values in 
the transmissive display are substantially equal for each gradation. 
According to the liquid crystal display apparatus, it is possible to 
attain substantially equal display qualities for the reflective display 
using the extemal light and the transmissive display using the 
lighting light. ^ 
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(0125J 

Further, the display driving system 40 is so anaiaged as to 
control the driving voltages of plural values in the transmissive 
display in accordance with voltage-transmissivity characteristics of 
the transmissive display of the liquid ctystal display element 1, and 
controls the driving voltages of plural values in the reflective display 
in accordance with a difference between the voltage-transmissivlty 
.characteristics of , the transmissive display and' 

voltage-transmissivity characteristics of the reflective display of the 

Uquid crystal display element 1. With this an-angement. it is . 

^ssible to cause the display quality of the inflective display to be 

substantially equal to the display quaUty of the tr^smissive display, . 

and to attain, for the reflective display and the transmissive display. 

a display having a high luminance for bright display and a high? 

contrast. 

[0127J ■' 

Comparing the voltage-transmissive characteristic of the 
reflective display with the voltage-transmissive characteristic of the 
^ transmissive display in the Uquid crystal display element 1, the 
voltage-transmissive characteristic of the transmissive display is the 
characteristic that gives a higher luminance for bright display and a 
display having a higher contrast, as shown in Figure 6. Therefore, 
with the arrangement in which the driving voltages of plural values 
for the transmissive display are controlled in accordance with the 
voltage-transmissivity of the transmissive display of the liquid 
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crystal display element l/and; the driving yolta:ges of plural values 
for the reflective - display are conlrolled in accordance with the 
difference between t±ie voltage-transmissivity of the transmissive, 
display t±ie voltage-txknsmissivi^^ of the reflective display of the 
liquid .crystal display element 1/^ it "is possible to attain such a 
display that has a high luminance for bright display amd a high 
■contrast.. . , - • . ' :' ^ - ■ 

> [0128] ^ ' * : : ; ; 

Moreover, the liquid crystal display element 1 used in the 
Uquid crystal display appar^ is an aictive matrix liquid crystal 
display element: In the embodiment, the liqmd crystal display 
element 1' is so arranged that (i) the display driving system 40 
includes (a) a gate- side driving eircmt 41 connected to the plurality 
of the gate' lines, (b) a data-side driving circuit 42 connected to the 
plurality of the data ^nes,^£uid (c) y correction potential Stupplying. 
means 43 for supplying a pltirality ; of y correction potentials 
respectively corresponding to the transmissivities of the plural 
gradations, the y correction potential supplying means 43 supplying, 
to the data-side driving circuit 42, a- plurality of y correction 
potentials supplying y .correction potentials of different values 
between in the reflective display and in the transriiissive, display, 
and (ii) the data- side driving circuit 42 selects the y correction 
potential that corresponds to image data, from among the plural y 
correction- potentials ^supplied from the y correction suppljdng 
means 43, and supplies a data signal of the potential to the data 
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bnes. With this arrangement, it is possible to attain substantialiy 
equal display qualities of the active n^atrix Uquid cystal display 
element 1. for the reflective display using the external light and the 

transmissive display using the Ughting Ught. 
[012?) 

Further, in the embodiment, the y correction potential 
supplying means 43 includes a . reflective/ transmissive judging 
section 44 for judging whether the reflective display or the 
transmissive display, and a y correction potential outputting section 
45 for supplying, to the data-side driving circuit 42, either' of -y 
correction potentials for the reflective display ^d . correction 
potentials for the transmissive display in accordance with :^a 
judgment result of the reflective/transmissive judging section 44 
W,th this arrangement, it is possible to automatically switch over in 
accordance with whether the reflective display is performed or-the 
transmissive display is performed, the y correction potentials to be 
suppUed to the data-side driving circuit 42. 
[0130] 

Furthermore, in the embodiment, the y correction potential 
outputting section 45 includes a reference potential generating 
orcmt 46 for generating two types of plurality of reference potentials 
and a potential Selecting circuit 47 for selecting, in accordance with 
a judgment result of the reflective/transmissive jud^ng section 44 
one Of the two ^s of plurality of reference potentials thus 
generated by the reference potential generating circuit 46. and 
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supplying the thus selected plurality of potentials, as the plurality of 
7 correction potentials, to tlie. data-side driving circiiit 42.. With 
this arrangeirient,^ it is possible to surely switch over, in accoi:dance 
with whether 1±ie reflective display is 'performed or the transmiss 
display iis performed, the y correction potentials to be supplied' to 
the data- side driving circuit 42. - 

. [0131]. ; >..%J-. . V • . .: ' : •■ ' v 

• M in the embodiment, the refleptive/transmissive 

judging section 44 is so arranged as to judge whether the reflective 
display or transmissive. display, in accordance with the emission of 
the lighting light from the lighting means 20. With this arrangement, 
it is possible to attain reliable judgment as to whether the reflective 
display or the~ trahsrhissive display is performed,' arid toT supply; to ; 
the data-side driving circuit 42, the. y correction potential 
appropriate to currently-performed display. 

. 10132] / . ; 

In addition, the display driving system 40 of the liqmd 
crystal display element 1 may be so arranged as to control the 
driving voltages of plural values for the transmissive display in 
accordance with the voltage -transmissivity of . the transmissive 
display of the. liquid crystal display element 1, and to control the 
driving voltages of plural values for the reflective display . in 
accordance with the difference between the voltage-transmissivity of 
the transmissive display the: voltage-transmissivity of the reflective 
display of the liquid crystal display element 1. With this. 
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arrangement, it is possible to cause the display quality of the 
transmissive display using fiie lighting means to be substantially 
equal to the display quality of the reflective display using the 
external light. 
[0133] 

In the embodiment, the y correction potentials for the 
reflective display and the y correction potentials for the transmissive 
display are differentiated from each other for most of the gradations, 
the Y correction potentials outputted from the y correction potential 
outputting section 45. However, because the luminance of the 
bright display is the main factor to largely influence the display 
quality of the liquid crystal display element 1, it .may be so arranged 
that the y correction potentials for the reflective display is the same 
as the Y correction potentials for the transmissive display for the 
transmissivity for gradations ranging from intermediate gradation to 
dark gradation. Even if it is arranged as such, it is possible to attain 
substantially equal display quality for the reflective display and the 
transmissive display. 

[0137] 

[EFFECTS OF THE INVENTION] 

A liquid crystal display apparatus of the present invention is 
of two-way display type for performing the reflective display using 
the external light and the transmissive display using the lighting 
light. The liquid crystal display apparatus is so arranged that the 
driving voltages of plural values that are to be selectively applied 
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between the electrodes of the liqiiid crystal display element by the 
display driving system, • are controlled differently between in the 
reflective . display . and in the transmissive display so that 
transmissivities . of plural gradations respectively cofrespondihg" to 
the driving voltages of plural values iii the reflective - display and 
transmissivities of plural gradations respectively corresponding to 
the dri^s^g voltages of plural values in the transmissive display are 
substantisdly equal for each gradation, whereby substantially equal 
display qualities can be attained for the reflective display using the 
external light and the transmissive display using the lighting light. 
[0138]^ ■ ' 

The liquid crystal display apparatus of the present invention, 
for' example, may be so airanged that' the display driving system 
contrbls the driving voltages of plural values in' the transmissive 
display in accordance with voltage-transmissivity characteristics of 
the transmissive display of the liquid ciystal display element, and 
• controls the driving voltages of plural values in the refledtive display 
in accordance with a difference between the voltage-transmissivity 
characteristics of the transmissive -display ^ and 
voltage-transmissivity characteristics of the reflective display of the 
liqiiid crystal display element. With this arrangement, the display 
quality of the reflectiye display can be substantially equal to the 
display quality- of the transmissive display. 
[0139] 

• Moreover, the display driving system of the preserit invention 
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:nay be so arranged as to control the driving voltages of plural 
values in the reflective display in accordance wxth 
.oltage-transnnssivi^ characteristics of the reflective display of the 
Uquid crystal display element, and controls the driving voltages of 
plural values in the transnussive display in accordance wtth a 
difference between the voltage-transmissivi^ characteristics of the 
reflective display and voltage-transnussivity characteristics of the 
transnussive display of the Uquid crystal display element. With th.s 
arrangement, the display quaUty of the transtnissive display can be 
substantially equal to the display quali^ of the reflective display, 
[0140] 

in case where the Uquid crystal display element is-an active 
^trix liquid crystal display element in which one of the substrates 
has. on its inner surface, a plurality of pixel electrodes, a plurah^ of 
' pixel transistors respectively connected _ to the plurality of. pucel 
electn^des: and a plurality of gate Unes and data lines respectively 
connected to the plurality of transistors, and the other of the 
substrates has. on its inner surface. Counter electrodes facing to the 
pluraUty of pixel electrodes, the Uquid crystal display apparatus of 
the present invention may be so arranged that (i, the display driving 
system includes (a) a gate-side driving circuit connected to the 
plurality of the gate lines, (b, a data-side driving circuit connected to 
pluraU^ of the data lines, and (c, v correction potenual 
supplying means for supplying a plur^ty of v correction potent^s 
, respectively corresponding to the transmissivities of the plural 
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gradations, the y correction potential supplying means, supplying, to 
the data-side driving circuit, a plxorality of y correction potentials 
supplying Y coirection potentials of different values between in the 
reflective display and in the transmissive display, and (ii) the 
data-side driving circuit selects the y correction ' potential that 
corresponds to image data, from among the plural y correction 
potentials supplied frorn the y correction supplying means, and 
supplies a data signal of the potential to the data lines. With this 
arrangement, it is possible to attain substantially equal display 
quaUties of the active matrix liqtiid crystal display element, for the 
reflective display using the external Hght and the transmissive 
display using the lighting light. 

, .: ., [oi4i] - 

In this case, it is preferable that the y correction potential 
supplying means includes a reflective/ transmissive judging section 
for judging whether the reflective display or the transmissive display, 
and a y correction potential outputting section for supplying, to the 
data-side driving circuit, either of y correction potentials for the 
reflective display and y correction potentials for the transmissive 
display in accordance with a judgment result of the 
reflective/ transmissive judging section. With this arrangement, it is 
possible to automatically switch oyer, in accordance with whether 
the reflective display is performed or the transmissive display is 
performed, the y correction potentials to be supplied to the 
data- side driving circuit. 
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[0142] 

Furthermore, it is preferable that the y correction potential 
outputting section includes a reference potential generating circuit 
for generatirig two types of plurality of reference potentials, and a 
potential selecting circuit for selecting, in accordance with a. 
judgment result of the reflective /transmissive judging section, one 
of the two types of pluraHty of reference potentials thus generated 
by the reference potential generating circuit, and supplying the thus 
selected plurality of potentials, as the plurality of v correction 
potentials, to the data-side driving circuit. With this arrangement, it 
is possible to surely switch over, in accordance with whether the 
reflective^ display is performed or the transmissive display is 
performed, the y correction potentials to be suppUed to the 
data- side driving circuit. ■ 
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1 (om^^L (^isroassf «S 4 1 a h ' 

J4-?:nJ;«5'b/h$<^^SttT*J'9, r(OJt^a$«-30 

ffi2 7<Of «ff53t^SB«- 3 0 0574*653 KOtT 

[0 0 4 8]' ^b-C, w<OieifietJOjK^^^^at?t4v . 
±?E3ta«2 1 i:^3t«:2 4 i:)t^aJ«-3 0i:d»P>/£5RS 

?^#a 2 0 sr, tfrieit^sm 3 0 cois«:<^ a^sb 3 1 </5 

ftS:i5-|»l*5J:t;^3t»2 4 <o«IScoS^®2 7Wfi$:^ «> 

[00491 -r^ito*?, — sit®<ojsiSn%isa 

[0050 r^cofcto, ::<oiii6^j-ci4, ±ia^.?^^g: 
2 0 3t3H 2 1 Wiaaffifl*^3t<0*'^cSt 9 
fo5jiit5(?3±Mfcffl9, ^i^^WL^WpmFf-\<r>±m& (12 so 



[O0 5 n ±IS8a§q^®2 0(4: 

2 o■^>5)<^M?^3t<^db3t^^la^wi"5.^wfWffl'^i';3 3 ^ 
-rs. ' • ■ ■ ■ 

[0 0 5 21 mrlEBaB^fflW^Ss 3i4, Hi'jsitJ^ias 
J: 9 (c. ^BB;S*a'J^-r 5fiS««lttlS§ 3 4 1 , 
3taa«itfflia53 5 tA»ib'fe-3-C*i'9, «Jia.^JEt^itliSi3 4 
{4, SEbI^^^T- 1 tc^cOHfi:^/!)*^) Altf5^3t(OH3« 

[00 531 t^nE3tag©J^»a5 3 5 fi, tuissBSi^ffi^ 3 

. 4 J; 9 S'J^SixitS«.^S(cS<JV ^-C, fltnS3tJlI 2 1 

KltS^:fc'(t-Cl45Ei5>neiii®»S;i»#e)iX'Sv\eg^) W 
TX-fo-S i: t (c. Mia^tJS 2 1 Sr-«iT$*5 i: 1 1> i-, 

[005 4i r.ro»e!a^:^ai4; 1 <^ffi 

:i?ySvibA#ti-5^*^SfrlE9B0^^^2 ofcj; 9SMU 
*i--5SMS^i:, S5fEP^#S2 0*v?>MfB3tSrtllSt . 

-ei4, fIf5Bll«#e2 Od»^a5?^3fe*tH*t$-arflc^3t 
e>ix?tcVN^T-ci4, «riaBB.?q^S2 0ii-e)Bg5^5t?raJ 

[ 0 0: 5 5 1 mSSMWf^<D t ^ (Of^^COttiHf^ 

m^mm-ri> t . f^mt. ^(t^^^s 4 jc^t-^ l 

fci^ic, ?KB^^*^^l(c-?:<OS5:&d^?>AWU C<Z) 

mi^tmm^ 1 SrSiS u-cmrffisge^^e 2 0 i •? s« 
^n, i?tmiafSB%^:5^35^ 1 *ia3au-cM:^tctaiti- 

5, ' - 

[0 0 5 61 -fit?*), RM«^<^i:tt4. 

L-c^:<75W®icfc[ittbfc^3tA^ sfnEra,?B#S2oroHtr 

®gBm?fe-53t^a5«"3 Otc^Wt(lB/6>'bAltU 
3t^£S5tt-3 0 4:SiaL-C-&ro«®»cailtU, .88E3l3tff 

2 4coisist75^S2 6 ji<o5MBi2 ajwioeat^ix 

.5. 

[0 0 5 71 /£*5, rO«EftS:T^^a-ei4, Jij^UfcJ: 
0 »c, HaiEMI^^g:2 0 Sr, 3ti!S2 1 (^iBa«!l5rjffB%« 
S^aro^Jtro^^'i^ 9 iii?^*i«ii-c-*)5iiiS<o±iSfiaiw 
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n 

[0 0 5 81 ^(DtLib, tniE3t^SB«-3 0JCTSr(O«I®A> 
L/^i^jtli, r. (Dit^mf 3 0 i^5:-?:<7>W®t::|6) 

b t. B^-r57atSC3 105F^<OAaj#tE3 2{C[6)d>^ 
3tti. Zixe><OS3 1 b. 3 2 (^3t«:2 4 i:3t 

3 6 t rora<OS5lS) t ^JlfffiSrSiS UTIThIC 
ffiItU tfria^3tff2 4<?3^®2 6±<ORltK2 8twJ: 

[0 0 5 9] S/c, aniEAM^<0 a*>. S(IIEAItSB3.1 

■^sii-xiPi#^r^^, sfnsa«TB3 1 b^yhiiAaiit 

3 2*»C>=Sf®fcti3#tLT, S(nE«3tflt2 4(^aS2 6± 
cOSItK2 8 tc J; g:M$ix5o 

10 0 6 0] ftlS^atft^ 2 4 (D^S^OSS 2 6 ±OS*t 
1K2 8tcJ:i? Slt$ix/iS«Jttt, mrlETt^gC** 3 O li 
■e«>1lfaid»e>^9ii*JXx w»5ti^S8*i-3 0 4:ajaLT 

10 0 6 1] COi:t, .tfnE»3t«E2 4roS:S2 6 i:Sir 
E3t^ffl5*f 3 0 OlSScroAAtSB 3 1 <07^m 3 1 a i: 

B2 6±(^SMK2 8 (C±"9SM^ixfcRlt^lis 
« i: A/ if JlS3t^gB«- 3 0 ffm^<r>?^U 3 1 i^®*f ® 3 
1 b*5j;imi2AUJltffi3 2d»e>Sl9ji*it.5. 
10 0 6 2] ^LT. tfrf57^SB3 l(Dja!lT®3 1 bd» 
e>^*)ii*tifc3t<^'p *><?5iifflbt#S5«-3 OWffiSlciaj 
i^Otftt. miEAai*tS3 2a»e>ISl9>i*nfc3t«:, -t 
cO[Pl # CD 4 * 3t^gWt 3 0 *aii LT^-cOttr® A> ib tUM 
U t&IE7^a5 3 l<^Si(fffi3 1 hA^hJ^<0^^tl^^ 
<0 9*>, S*l-fflaC5Alt®3 1 alClSl*»93tl±v C<©ASt 
ffi3 1 a i:^^i:ro|^®-e^SMS*tTI^#«:aS;tv «f 
lESSfS S 1 b*3j;tJ«Aa5WS3 2A>hm^^mt3 

[0 0 6 3] ^(Dtitb. m^mm^Si2 0(omm ot^ 

WAttlMiD S 2d>6AJtU-CSS®*-l6]ICiljiiLy;i3ti51[ 



(7) 

12 

[0 0 6 5] ^LT. MIESP.?^^S2 0 <^tflS7b>ba3M 

[0066] fftisjss^^^^ 1 tt. m.isc<Dm^ 

a8i4{w^*v-eixStf£:i-5?^> It, ^(0^'7—7^/\y^ 

7R, 7G. 7 B^<lx.TV^5fc*> SfllEiaS:*:^®^® 

[0 0 6 7] m^^7ji(r>t^(r>mm^(otiiMm^ 
^mm-r^ t , tmM^^^ 2 0 ojtijg 2 1 li, shibi 

[00 6 8] r(7??t!!l2 it^(b<r>mmt/tit. I5f5»7tj* 

2 4 lC^-(OAi«S® 2 5^>blt9jiiixT^5fe(*: 2 4F*1 
20 *^r(0«$*{^{c»*»ix, la4lc:8l5»-C-^L.fci^<^J: 
^jfe«nirS<o«|S«Di!:SS2 7(0^^■ri^3i>e>alM 

[006 9] H(IlE»5t«: 2 4 lZ^:<D7^Wiffiffi 2 5 

t;i[pi;i»oTiiti'j5^ ^(o^-ib<Dm^mik(r>m^m^2 7iz 

[0 0 7 0] WlEg:M®2 7lcii^|6]*»^J££i^ 

•«>3t, o4 "9 , ttrlEm^ro^M® 2 7 (DFflcoS®2 6 Id 
|6]d»o-T:iitPit-^. *Jtft:2 4(7?=ff®tC(S]^»oTittf3fe 
30 fi, «&iag:®2 6Ji<^SMIK2 8<DSS^, «3t»:WBD 
IcKit htiizRSm 2 9 i 9 SM^i^Xl^^ Sr'^x., 
tfriE1SiS:<^SM® 2 7 >-f nS^cAlt LiT, •S-toSIS 
®2 7A»?>tllAt^5, 
[ 0 0 7 1 ] ^<Ot:.i/>. Bft1E«3le:»i2 4 (w-5r(OAt«»ffi 

tsm^<r>wc.mm2TA^h^m-^o - 

[0 0 7 2] S(f1E*3t(*2 4<D«»(Dg:S®2 7 
ltUfcSg?^3t«. WEa)t3t{i^2 4<oaftEfflH=Efi*iT'fc 
3t^¥:SC*l-3 0 <r)=^m<r>^^(D?^^z i Jc, -tco— flflffi 

40 (OAltffi3 1 aA^bAJHi-S. 

[ 0 0 7 3 ] t # , SJffi«3t«: 2 4 <r>«»«>Sllffi 
2 714, ^W^ix^ix*s«0ia)t^95«-<O3 0O'>nc< i: 

**:2 4 0lSiSc<OSM®2 7;iive,tH^ufcffi?^3t<^ISi:A/ 
if as, mkti<%'^=smz o<ov^-ftv*vr)Ait853 lie 

ajw^s, 

[0074] /iio, meM%i^ 2 4 (^^(OSS® 2 7 

i!fecD@:®2 6 iCf6];b^oTaiM-r5Jt't.fc'5/i^ ^:C?3t 
so ffJIEJ^CW©® 2 6 ±<DSWK 2 8 {w i 13 ^5 ixX 
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13 . . 

. to o 7 5] mmyt^mts poism<7?Attse3 nz^ 
its.3 l a ttt^m<r>m9fm3 1 b (3it3tff 2 

iX-C3t^a5W3 0(OHSffi^fa){C(R]#^^x. w(^3t^gB 
[00 7 6] - fipTt^Sm 3 0 (OifrBicitisitl-ssBeqjt 

II, HtnE^^coXMg53 lie-?:©— (RlSc6X^tS3 1 a 
!5»?)A#tL. Sj^ffl!l(^HSfffi3 1 b ICJ: •JSJJf^TtTBff 

3t-CS>-5<.^ ■ ' , . ...... 

[0 0 7 71 z<ommm-r^i-i^ m^^?Jnu3 i<r>mmm 
3 1 b<oimik^. znsmms i bt?s^$ti-fc3t«) 

SB*f3 0OS9S{CUll«-5BB.I^3t^ffi#t:fr[6]»±, StrffiA 

3 1 roffiilTffi 3 1b <D«^:ft (CIS «? . 

MiaaiFfSS l b(D«^^;iS3t*¥S6^^3 0<^3WB<Oj£^ 
izM LT 2 0 ^ 5 0 S(75«iHT?fc5 1 1 f-/ J: 9 iE®3^ 

[0 0 7 8] ^LTr tJrfe3t^Si5«3 OrofflJ^fcmAtb : 

■ fe3t> o*0MW¥S2 0/i»e>aiitufcfiRi^3tett, a[S 
[0079] wff?igiii^^<Di # fltnsfsa^*^^ 

file i "9 7/u*9-^0#tfe;<7 

[0 0 8 0] meMm^i:mm-r^mi&mmi. mmm 

[0 0 8 1 1 -f^cfc*). znmkm^wm. ^^ttm 

m^^^ai^^^iz^^i:mmi-^sJti^i:n^ 
v\ n-^<r>m^^i^^&t^t^iz. misMmmsL2o 

[0 0 8 2] rO?KSS^Sg(CjDttS?fi?B^S^^TFl 

mmm&it^- mmmznoxm^i r> . 1^ zmmm&x 



(8) 

' ■ 14 

. -t-5. •■ 

, [0 0 8 3] ^<Dt:.^\ Z.<DWL^^^m.X\t.. mx.\f. 
(a|3tflE 2 4 (OlSiaoSS 2 6 icoSMm 2 8 costt 

z^ft<r>^\ziitr^m^^wc2o\z^y)mi^fixm 

10 IEjS^*^3!l^^ lco«i:^{ctiJSt-r5ailt)tro3S*i:(r5 ■ 
.tfr:J^d>P5AWUTBli£fiB^^S2 0 ySM^ixS^ 
^ :^Xhi, t #{4, .ra|q^©2 0 ;4Stti*ti-5,^?^3t'^^ 

fcisiiffiBita) mmmmizszit±itmti:msmm 
a^?:, mmm^\z!t^zxmm-t^xo\zL.x^^^o 

20 [0084] ^mSlwiC Cfc»®/£iii®j»Sl4, fisjx. 
li«rao«irrT«)i 9 'tt 5 0 /u^J' ;:^(OSS*fi5fE-e 2 0 ~ 
2 0 0 - :y h , :grB^^^PB^<^Sf^.^0^ Sr/^fl- $ -^fc i: 
- (0^1^05 J; i 0 0 0 ;^(7?^%figaE-e 3 0 ~ 3 0 
o=s'>, Bt^^*:|^<oj:5/j:30000/i'>^coS!l 

at^^-e 4 0 O ~ 4 0 0 0 = h "Cfc ») , i 9 if * L 
< 5 0/V>:';^(r5^^^S-C-2 0~6 0 — i/ K 10 
0 0Ji^^:^<Dm^mSlX6 0~2 0 O^y 3 0 0 0 
0/l'i'7.(Om^BStXl 0 d 0~3 0 OO^^y h-cfc 

30 [ 0 0 8 5 ] ^ r. -c, r. conis^j-eii, siriESge^^s 2 . 

0 iiimktt^mm^<r>mmt:. m^smmmm^SL 3 3 tc 

J; •? , S«fi5SEJc5rr5iiiffiWg;is, 5 0 /UjJ' ;:^roa«E ^ 

mK-e2 0~3 0 0 = -;/ h (J:t)iif*U<ll2 0~6 0 
=-y h) , 10 0 0J\^i^^<Dm^AX3 0~3 0 0 = 
(i9if*b<i46 0~2 0 0=y » . 3 000 
0 /WrJ' 4 0 0 ~ 4 0 0 0 = •;/ h ( i "9 » 

1 L < 14 1 0 0 0 ~ 3 0 0 0 =: y (OiEffl^-ttt-eix 

Bg^lcJC CrSJW-t-S J: p IC LTV 
40 [0 0 8 6] ^(Ditib. wi7>?SfS^^a(4. ffffV^S:^ 

mm^mm&mi^tt^x^<xx^^tiify. M^<r>miB 

[0 0 8 7] ^it. z<om^^^mmi-i. mmfmt^a 

ix/iv^tt-c?*>, mss»m^^2 0ii-thMi-i>mm^^ 
■ mmi^xmrntcmmmn^^^nfio :itifix^ ?>o 
so [0088] msmm±(r>mmft. 9[-tft<r>Bm^ t s&ia 
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IS 

iii''i:»S^c/£■5^l:■Cfei^l^i < , -5:W^fef4=-CtfflEre^# 
[0 0 8 91 LfcAJ-p-C, ZO?Ka^B^^g|-i. 

(1 OOO/i-^'^^ftj© J:'9t)S!V">l8^HS*f;*5VT, 

[00 9 11 Z<om^. ^rtB8ffKT(0^BBSt?(i. 

[0 0 9 2l WISBaigSdlBi^Ss 3(4. ^I*9S3 

< tt^<r>\zt%,ti^xwm\^'&.< tt^^ikzwrn-^ 

[0 0 9 31 *fc> ±m.m&mx\i:. mwrnmrnm^WL 

3 3S:> ^BSS*Ste-t-3SB.ffi^ail&34 CKT?,^ 

2 10,t!»T*sitRr<73tllK»«*SiJffll^5)tiB*fl^3 

■5i:t::J;'9«fi!(:L-r^^S7t«^), m^<^^mmat^cx 

(0 0 9 41 ^hicy±.nmismxtts m&m^^^i 

JS2 1 ;s>e>oB5eg3t^*v^-cjss^^#^l^crR)(tTal 
itrsmwas (^3t«:2 4<r)«»<^ifcmB2 7) iifna 

^litgat® (^5tft2 4O«[»<0Si®2 2b±|c:fl5fiKL 

[0 0 9 51 LfcdSoT. ttlEtiiltB (SMS 2 7) S> 
RW®2 4-CO^Jt<7?S«*Sr, «S3E^36a<OS3ts? 



(9) 

16 

[00 9 61 u^b^tj, m^mimzAti. ^coifimi^ 

ff2 4C±, Wj:S*fS«r=t^5ii^<0S#tStl^^o 

(0 0 9 rl /j:*3, flfnare?q#g2 ocoMSgWefe-5 
Jfe^SB*t3 0<7>SI£<OAItgB3 1 OJlJf® 3 1 b . @ 
10 3*5J:t;!|a4tciPUA-J:5'tc— :£<Offl#^ISrtoft:iiSI 

5lC-rix«. gtllSAltSSa lOA^SS 1 a;ei»ibff'9ii 
nS^fei^ ft®*t(^*3t®«f®-C&3S?fl2ffi«rBS3 1 b 
JilSJttari^o fcjS«:5>*coBg9^3ti3 J; U^SM^t Srfctsm- 
(0 0 9 81 ::<75^i£«sj-ei±, iniEMP^#S2 0 

# 5 1 1 (4, BiHESJltK 2 9 ^^B& L-C.-b J: V \ 
[00991 $ lb ±fEII]K«Ti4. MfS^Jfel* 2 4' 
<D^Wm^m<Dm.^<r>Wm 2 6 2 8 ?:g:itT 

•?:rof^*3?)Jv. ttnE^3tef*2 4©=a=S±WcS 

30 t±V\ 

[ 0 i 0 0 1 *7t, 4 (4. ^(D^i^nmm 

»:2 4(?>fl«fS^. S:^tDAWiS®^»ej*5fcflJ2 4(0*>F^ 
:3^oAli«®(c-e-iX'eix*ti6i$-e-C3teiR2 1 *iEfii-^^ 

[0 1 0 ll $^(C, 3ulSra.e^^g:2 0<O^m2 1(4, 
40 ^jfe9 v-T-a 2 «rfflv^5 1 <o(i{R?>-f . 0«;t»S[»<o L 
ED (5g3t:?''r';*— K) SrS^J$-a:itLEDTU'-<^, 
EL hnyu^^irv;^) /^^yu^STfeoTt J: 

(0 10 21 ±ajKfB^'T^S»4, ^iJfciSrfiJ 

t (4, ffiSSS^Si?^ 1 <^W:*iJ>f> Alt Ufc 

82 OtCi«JRIt$*t, ^:<Og[^Jti5SniEffiBl^^^'f' 
so lS:f|:cfiSiiL-CS(r3rcailti-«<0l=*M-. Sja«^«^ 
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17 

[0103 ] ^rOfcft. UtrfE^S^fiT^*^ 1 ft, 

[0104] 12 6 li, fltns^s^*^^ 1 (ORMmTT^n 

[0 10 5] 06C^Lfc«E-3ia^4^M:, 

*S 2 , 3 ®{cSt LTa:*> J:j)S.5 i 5 iCiBfSi-r 5<?5{ci: t 
[0 1 0 6 1 J: 9 MiSfflES^**^ 1 ji, 

. •. . . . ■.■ . - . . • •.: - - . . . V 
. f.o 1 0 71 r(^srs3f^iiT-ji, s&fSjfS^ 

.^^4 0{Cj;i?feE^S^5g^lCOli;S4, S^lCil^ 

lio .1 0 8 1 - <oms.mx-\t.. m^mmmm^ 4 o ^r. 

MiE^^^(0 4:#(0SJfe«|gcoM(0^®EE?r, 8915 

■JSjlIp:9 ] SiTlE^^^^ 4 0 i^?fllfigSrIft?^-r 5 1 . > 
w <©S;^^iij^ 4 0 la Ui;5^ L;t J: p (C, 

t'— ^'ffllKftlsIK 4 2 J: ^ tv LTV 



i5 



4 1 , - <ostt/Siaif9J^ 4 4 c02W^m{::S-3v > 

" ■ i'mmm^ 1 5 tetters 7 itESfitajj^aj 4 5 i tc ' 

[oil 2 1 «HES^/;@jg#9J^ 4 4 ii, MIETO^^ . 

[0 113] ,t- 7te*3^>, :i<Dmmm-^\t. msmmmm 

2 1 Sr^*rSiirfc4: t(;3taa^«-<t-§-Sr«9l5SM/Sii 
13)^ 4 4 icffi;^ U.. flfrlEJfeas 2. 1 ^-erfc 
3tai?i*rft^BfnSSM/5giaW^4 4 tC£ti;^-r5 J; 
5{^«^y^'l5ISg[M/Sii«^4 4Sr. BuiE3fcm^. • 

tvfc 4: t (tS#tS:5i^JSit-§-^ttrlE y «jE«ffiffi;'jSl5 4 
5 (C£ti;^i- 5 J; 5 {C«J5g LTV 

[0 1 1 4] *7t,.HaiEy«imfitttJ;tiSE4 5(1. •?:(^ 
W^Sria 2 \Z7r^ Lfc <t 9 (c, 2 ii (3 co«^coS2g^e;|: 

^^-^5S2iS(a:«^K4 6 1, r<?5Siimia:%^ 

i LrSfrlEx— ^'fflJi^IlIK4 2 fCgfe^SSfiQU^iei 
S4.7<!:{c:j;i9«fig$tt-CV^5, 
LO...I. I 5] IIl 2(C*LfcvMiEl:fi£ffi;^gi54 5tt. |!t 
^0~rafiaiO(Dl l|5ifSi:»-<Ov«iE^<S:S:Wf57'-^ . 



Sitferoi iwtf^^mis: (SIT. ^mTummma: 

0~|!giSl 0Oigia^tSr#Pii|r:4:(Ci5i£^L<-r5 
ESS 1 (r>m$!mmk±U4, 6 a *s^^i-5 1 1 gpgwS 

[0 117] i-<cfc*,, S(rffiJKJl^^9(f^i©sw3E^ 
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#o*2i5{g<^ ^3 0%J:»?ii5<*U6 0%i:'9{g;V^«iS 

10 118] ^<oti^. ronjs^jTtt. mitmi<r>m 

mzco oh. mSimt-^^ 3 0 % J: (Sv ^#SSg|i<7) 7 MjE 

m^m 2 (osiemiai^^ss 4 6b ;dJ^:fe-r ^ m m 

S3§^2!iSi^^3 0%cJ:'!)ia<i^1}6 0%J:«9lg:v>ffiH<D#iSi , 

m 2 osif mfi^fess 2 6 b :d^^^^-r5i^ i:isgi®o y m 

lOl 1.9] *^b\ 06{C:^Uytct9«C. *533 0%<OS 

«>. sftiam 1 (ommmii.m±^4 e a 3!»5»^-f ^sits 
7r:mmmiiL<o o m^mt-m a o %(Dmm<^ y WEn 
&t. m&mm^6o%<DmmcoymiEm^t^^^^tz 

fbl 2 0] HaiEffl{S|g^lHlK4 6<^miOS3i«filS 

^si54 6 a ^5^:£-r5 1 1 ^m<DSMm^mmmmt. 
mm-mm^m^ 4 7 (DT^tjmt^A 1 1 (c-tn-e 
ii2osi:im{a:^feif54 e b;^i5^>fc-r^ 1 
1 arar<DaKa*^s*sfi£ii. mrnmrnmssi^ 4 7 cd 

10 12 1] -^it. mmm^Lmsim&4 7 

-r^<DA:t)t^ Al. A2-K1, K2{;i^LT^ix€ 

Kio-ro60£ii;^$^A-'K^*UT*3'9. stneKit/ 
mmn^4 4ii^b<^^/m&m^m^^zm^\^^r. 

m:i:m&mt}m=¥'A^Kt}^hmt3L. suiaRit/sa 

^-Vh^ 1 1 A;^^iS^ A 2 2 {Z^tl^HmS^^ 
$tt^«-^pg(DSi®^^Sipmfi^^ai:^«^A-K 

r& 12 2] z<Dmm.'mtm^m^4 7(;:)«-tii;^^^A 
r>y4s^dt'Lxmm^ti. vo-vi 0(01 iKsa 



(U) 

[0 12 3] -etr. atnE-r-^5^{ffl^lHlK4 2<t. ± 

mirfzxoiz. «Tffiv«iEaffi»^#®4 3d>e>s^i^s 
ti^ttnEvo-vi o<^i ipgi^^O7MjEl:^2:<50/te75> 
fj^h. ^m^bmm^ti^mi&v'-^\znft't^ymiE 

[0 12 4] Lftr^^x. ±mm7^mm^4 0{zxy)m 

. ±fE^^^Smmf5:;i)-b?fJbtiyh7«jEmffil::m^ 

tm^wt^m'^mm^h^hiriit ymiE'mmz^itir^ 

' <ombmEE\z^h.^tiMif:^'t^misc(Dmm<Dmmmt. 
mimi&m7r:(r)t^<Dm»(7ym(Dmmw£\z^ti'^ti^ 

20 [01 2 5] •T'it?^, ±l5?gB%^?3^3Sail. Stris^^ 

mmm4 0{zj;:'ommm^Bm^^m'T'i(Dmm4, amiz 

(Dm(ommm&iiz^ix^tiMitir^m^(Dmm(Dmy^m 
(Dm^BrnTj^mm^zxtii-f.^t/t^mmf^m^m^^ 

10 12 6] L;^-t. ±i5ffiH^0^^i3^gi-:fo%^Tf^, M 
m^yrMm^. 4 0^, mnsSi@l^^<0 i: # cO«3S:<^fe<^ 

m^t(Dm{zm<$^^xmmi'^xo\zm^Lx\^^^ft 
50 sr, mm&&mfr^m'T'ijom&m7ript^<om&-^ 
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[0 12 8] ±l5JSS*^a-CfflvSfcSES«^ 

1 II. r Y h y 5' :^m^mi^m=f-x-^^ 

V «jE«ffiS^^S 4 3 t ?) ; Stfis 7 «]Eftfifc« 
«&SrS*^L-C, ^<r5«{i07'— ^ft-^^SiriST^-^' 7 

. ^ >izWi^zm^t LTV •'s It «)yfer 7* 

[0 12 91 -^tLT. ±f5iei6«ii|-C(i: SfrfEy^jEmfi: ' 

^■t-5SAt/iSiS2|9j^ 4 4 1 . - osit/aia^aj^ 

roi^3 0l ±!Ellifi^jT?M:, «nEv^itjE«fifc 

ai;^gC4 5^. ia2(C;^LfcJ;p(;:, 2ii'90«^OS 

ipmfi:sris^-r5S2imfi:ig^iHi^4 6i:, ci^sma 

ffi^^K.4 6 Jij36^5fJ1E 2 ii 9 «>«»«Z>Sitl:fifc 

(n>\. >-ra*»?rS5IESM/Sia«^ 4 4 

^tEStii: LTttrffiT*— ^'ffl!lK!&lHlil54 2 fcgfe^sm 

^aiIffift[slK4 2(cgfef&i-5y^itEs^a:?r, si^^^ts . 

^4 4 t9IBB3?g^® 2 Od^ejOBS.igjtoUllttca 

iBllffi»{Hl^4 2 IC»#^5 :i t ;SS-et 5, 
[013 2 1 S?nB?SS«^^^ 1 05^;^^^ 4 
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10 1 3 31 Sfc, ±IB*6S«SJT-H, ±iev'«jEaff* 
T5:^^^c*;i5,■e^TV^5^i^ ?KS^^|g^i©3f^affi 

«:|3IC{vLTt jt< , w<OJ:5{cLTi, Slt*:^(^t 
T-tSo 

[ 0 1 3 4 1' $ 5, {i, J:l5l?^fisjTtt. tlMig^^ 2 

TV jis, mmms. t mmmm^^ 2 0 iim^^mm 
mmitiimj^(7)m:i±\zy£^i^t^izmiim^'tmk'L ' 

T, y MS«{£4r®l^^<© 1 1 <OSfir{c^tfex. 5 J; 5 
fctTtJ;v\ 

[01351 ccDi ytc-Tixif. mmyti:'o h^^<Ds. : 
;/ti^±izmmytxhi> t^iz^ m^^^<Dt^<oymiE 

«ffiSrfflV>T?SSS*5!f^ 1 Sr®»-f 5 - i aSTt 5, 
[0 1 3 61 Sit, ±iEII;^0aojK^S^^gTfflVNfc 

Mig#S2 014, 3ta^2 1 1. ms.^m2i7i^(b<Dmm 

- 3t*»V>T?ffS^^^^l(C(S]ftTaiJW-t-5ttlM® (3* 
3t«: 2 4 (^moSH® 2 7 ) i: StrJESStSS^IR^^ 1" O 

t^i^^T^Mi-^^yt^mzm^ammm'?- 1 \z^nxs. 

2 4 «)«S:<ZJas 2 2 b JitSJgfig L7tSjWK2 8 ) t 

mmm^^2oti. mmyt^m^Bm^m^nzm 

^yt^mMLXiff>SM^t:mdmS,^^m^ 1 {::fiSlt 

^lm-ri>mM''<^yl^<r>ttim^z^^^&Rkm^s^m.vtl 

r6i3 7i 
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(0 13 81 ^o^^^oa^a%^^3gfi^-:}3v^-c, «ns^ 

[0 13 9] MIE^Sfll^^lg^tO^^iggj^li. 

^cs^^, SJ^-r tcs^g ur t>ct<. ^(ojz^tc. 

to 14 01 w<7:)^0.^O^9^^^igg{C:Jol/^-C. MIE?g 

Wi^-bm^$ti^mm^<7)ymiEmtLi7)f£f)-t-bmi^ 
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[0 1 4 1 1 z(om^. mmymiEm&m^^mt. m 

10 mMm^<omzjt^zx. tmv'-^mmm\s]mzmm' 
JO 1421 ^b\z. mmymjEm&mtj^i^t. 23*9 

v^Tiil^^L, ^<Dm^\.itm:<Dn&^mt^^<r:>ym 
lEmtLt i.x^T'-^mmm^mzm^omMLmi 
m^t\z:^^mf&t^(otm^\^<s rcojz^tc-r^c 
t\z^^. fimf-^9mimmzm^^^ y miEm^ 

[0 14 31 -^its 8fn2KSt/]Sia«^*i:. SrfBMW 
[IilSi^lBi»/.^lft0>^l 

[®l l w</>^?gc6-||]ffi«»J*^^-r«Sk:^SoS* 

(@ 5 1 tJfiBJ«S«^3$BI-ffl V ^fc^fa^^^^ 
[me] SJi£?SBl^n^^^<^S#t^?J^Oi:t^i:Sii^^ 

40 1---?SS*^^^ 

2 0-SS^¥S 
4 O -**^^ 

4 3-7*irEaffie^^® 

4 4-SM/^l5j:^ 

4 5-7«IESffi£i3;^Se 
4 6-S2@%{&:$l^(eIK 
4 7-SfiKl«lHlK 
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(15) 



7 a V h ^—i^<^^^ 

P*-A(#^) 2H093 NA16 NA42 NA58 NA80 NC13 
F ^r M^) NC23 NC34 NC44 NC45 NC55 

NC90 ND08 ND58 NE07 NEIO 

NGOl 

5C006 AA16 AA22 AF46 AF51 AFS3 
AF63 AF69 BB16 BB28 BB29 
BF14 BF24 BF25 BF38 BF43 
EAOl FA47 FA54 
5C080 AAIO BB05 CC03 DD04 EE28 
FFll JJ02 JJ03 JJ05 JJ06 



